Recently, the University of Missouri (UM) moved its SuomiNet station from the roof of a building near downtown Columbia, Missouri, USA, to the University's rural South Farm. Comparisons of Columbia Regional Airport (KCOU) data and SuomiNet data are presented both prior to and after the latter's relocation. Analysis reveals an elevation of mean temperature by ∼1.5
Introduction
Deforestation and the elimination of green space through urbanization is a well-documented avenue for increasing the magnitude, if not the spatial extent, of urban heat islands (e.g. Changnon, 1981; Pinho and Manso-Orgaz, 2000; Dixon and Mote, 2003; Kim and Baik, 2005) . This is true even for small-to mediumsized cities (e.g. Melhuish and Pedder, 1998; Pinho and Manso-Orgaz, 2000; Grathwohl et al., 2006) . The heat-island effect is one way in which humans have had discernable and unequivocal impacts on their environment, and accounting for this effect in the global temperature records has been an issue in determining the extent of recent climate change (e.g. Houghton et al., 2001) .
Contemporary studies of the heat-island effect have used both traditional methodologies and instrumentation (e.g. Pinho and Manso-Orgaz, 2000; Lupo et al., 2003b) , as well as unique methodologies to examine this effect. Melhuish and Pedder (1998) used temperature sensors mounted on a bicycle to determine a cross-section of temperature through Reading, England. Fast et al. (2005) set up a network of temperature dataloggers in Phoenix, but also up the side of the adjacent mountains in order to approximate the vertical profile of the heat-island effect.
Indeed, Lupo et al. (2003b) have documented the magnitude and approximate extent of the heat island for Columbia, Missouri, in the central United States, for which this brief study was also conducted. As such, this work was undertaken to (1) corroborate the work of Lupo et al. (2003b) , and (2) assess the change in the extent of the heat-island effect, if any, of a small city undergoing rapid urbanization.
Data and methods
Temperature data for this study came from two sources. The first was the temperature taken from the hourly surface weather observation from the Columbia Regional Airport (KCOU) in Columbia, Missouri, in the United States (Figure 1 ). The second source of temperature information came from the sensor affixed to a SuomiNet Global Positioning System (GPS) station. The SuomiNet is a network of GPS antennae which use the wet delay in the transmission of GPS signals to derive measurements of total precipitable water (Businger et al., 1996) ; each station also has a unit to measure ambient atmospheric temperature, humidity, and pressure (Ware et al., 2000) . In each case, the temperatures are measured on the hour, and not an average. Additionally, while each sample includes data for all 24 h from dozens of days, there was no attempt to stratify by time of the day to determine diurnal variations or influences.
What makes this study unique is that, while the official airport station (KCOU) did not relocate during this study, the SuomiNet station operated by the University of Missouri (UM) was moved. Indeed, it was the relocation of the SuomiNet station that made the study possible. During a move of the UM Atmospheric Science Program facilities in late 2004, the SuomiNet station operated by UM was moved from a rooftop location (with a station identifier of 
Analysis
Temperatures were compared between KCOU and the SuomiNet station both before the move and after. Prior to the move, temperatures in-town at the SuomiNet station were typically warmer than that at KCOU. Figure 3 (a) is a plot of simultaneous hourly temperatures (N = 1327 pairs) from KCOU against those from the SuomiNet station during January and February 2004. Note how the data lie consistently above the perfect fit line, showing the frequent elevation of in-town, urban temperatures over the more rural airport temperatures. Indeed, a histogram of these data (Figure 3(b) ) shows that the preponderance of temperature differences (T KCOU − T Soumi ) was less than zero (cooler in rural areas), with a long tail toward negative differences. The mean temperature difference for January and February 2004 was −1.6
• C with a standard deviation of ±1.3 • C. Data (N = 1316 pairs) from June and July of 2004 revealed a similar elevation of downtown, urban temperatures (Figure 3(c) ) as occurred in the winter. This similarity is highlighted by the temperature differences (T KCOU − T Soumi ), which also averaged below zero (Figure 3(d) ) with a mean temperature difference of −1.8
• C and a standard deviation of ±1.4
• C. After the relocation of the SuomiNet station to the more rural location (Figure 2(c) and (d) ) and subsequent renaming to SA43, temperature differences were much less dramatic. We begin again with the winter season of January and February of 2005 (Figure 4(a) ) and note a much better distribution than previously of the actual data (N = 1012) about the line of perfect fit. The histogram of these data (Figure 4(b) ) shows the data on temperature differences normally distributed about zero, without a pronounced tail in either direction. Indeed, the mean difference had shrunk to −0.0
• C, with a much smaller standard deviation of ±0.7
• C. The data for June and July of 2005 (N = 1083) show the same improved distribution about the one-to-one fit line (Figure 4(c) ), similar to the post-move data from January and February of 2005. While there was a broader distribution about the mean (Figure 4(d) ), with a standard deviation of ±1.1
• C, the mean temperature difference was still reduced to −0.1
• C. Statistical testing of these results using a simple Chi-square goodness-of-fit test (e.g. Neter et al., 1988) reveals that the distributions in Figure 3 (a) and (d) are normal when the center line and the 0.0 line are shifted in order to align them (not shown). This test was performed by comparing the observed result to a standard normal distribution probability density function and the result is significant at the 95% confidence level. No such shift was needed in order to match up the distributions in Figure 4 with the standard normal distribution, and these results were significant at the 90% (Figure 4 (a) and (b)), and 95% (Figure 4 (c) and (d)) confidence levels, respectively. These results for Figure 4 are consistent with those found by Lupo et al. (2003a) . Finally, a note on the representativeness of these sampling periods is in order. Both years were classified as ENSO neutral according to the Japanese Meteorological Agency definition (e.g. Lupo et al., 2007 and references therein) . More specifically, January-February 2004 was a cool period (−0.8
• C) with close to normal precipitation. January-February 2005 was warmer than normal (+2.2
• C for the period) and January was quite wet, with 15.1 cm of precipitation compared to a mean of 4.7 cm (1890 to present). Temperatures for June-July 2004 were −1.8
• C, below normal, which were quite cool for the period, and some places in Missouri experienced their third coldest summer on record. However, precipitation totals for the period were close to normal. June-July 2005 was warm (+1.1
• C, above normal) and July was very dry, with 1.6 cm of precipitation compared to a normal total of 9.0 cm.
Conclusions
That the temperatures were warmer at an urban weather station than a rural one comes as no surprise. Yet, the results shown here corroborate the findings of Lupo et al. (2003b) that even a city of modest size (Columbia, Missouri, population was ∼84 000 in 2000) can have a measurable heat island. Indeed, the temperature differences between the urban core and KCOU discovered by Lupo et al. (2003b) to 1.8
• C. While the values found here are somewhat higher than those found previously, the samples cannot be shown to be significantly different. Therefore, in spite of rapid and ongoing urbanization in and around the Columbia area we can say that, as of the time of this writing, the Columbia heat island does not yet extend to ∼7 km from the city center (at least to the southeast).
Finally, the statistical testing reveals that the manmade impact of the heat-island effect does not alter the distribution of temperatures in any significant way. Rather, the impact is to 'shift' the distribution toward higher values allowing certain climatological thresholds (e.g. number of days above 90 • F) to occur more often, or making sure that these are easier to attain.
